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I. Introduction.
Abrasion or wear of the human teeth is a well known physiological phenomenon. Its process and pattern depend essentially upon one's constitution, nutrition, and manner of living. Because of this, abrasion in the teeth has been studied not only by dental clinicians, but by anatomists and anthropologists.
In spite of numerous studies already made, there are still many points left untouched or only studied in a casual manner.
The pattern and the chronological development of abrasion for instance are problems yet to be solved.
In order to limit our subject the relationship of the chronological development shall, however, be treated separately in a succeeding paper.
II. Material and method.
In this investigation I used 93 Japanese skulls and 130 sets of dentition* * extracted in dissection rooms. The skulls belong to the Anatomy Departments of the Tokyo Medical and Dental University and of the Tokyo University.
The sets of extracted teeth are in the possession of Dr. Fujit a. More details concerning the materials studied are given in table 1.
Because I regarded as adequate only those dentitions in which both age and sex were known and in addition only those dentitions * This research work was assigned to me by Dr . T. Fuji t a, Professor of Anatomy, Tokyo University Medical School, and constitutes one part of his extensive anthropological study of the teeth. ** The term " dentition " in this paper means an individual s et of teeth or " Gebiss " in German. which had sufficient number of teeth, the materials studied were obtained through a strict selection. The 93 skulls were sifted out of 250 specimens, and the 130 sets of extracted teeth out of more than 500 sets.
In order to get precise data, it seemed to me that it was of more significance to obtain a scrutinized selection than mere bulk of material. Table 1 . Distribution of the material by age and sex.
Living individuals might be considered as a good source of materials, but this was not the case.
In the living it is almost impossible to get a precise view of the very early stages of abrasion because the crown needs to be rotated and tilted so that initial facets can be illuminated in necessary directions. Besides, in living specimens close observations and even the use of a magnifying glass which is sometimes indispensable for minute descriptions are very difficult. My research was done in the following manner : First, in every tooth the occlusal surface of the crown was outlined on the paper.
Careful observation followed. The abrasion facets or areas were sketched on the outline in detail as to location, size, shape, and so forth.
The sketches served as records of the anatomical changes in the crown.
All descriptions and statistical procedures were worked out on the sketches. Ob course, facets of one tooth are not placed on one plane but on account of complicated articulation they face to different directions.
In drawing, however, no special attention was paid as to the orientation of the facets, so that the figures in this paper might give an illusion as if the worn surface of a crown is a sectional plane. In the figures, hatching denotes the entire abrasion area of the enamel and the worn part of the dentine is drawn black.
Since abrasion develops, practically speaking, only through articulation of the antagonists, teeth which were devoid of the occluding partners or which were out of contact because of a high degree of caries were omitted in the statistics.
The total number of the observed teeth of each sort is therefore a little less than the number which can be expected from the skulls and individual sets shown in table 1.
III. Observations of individual teeth.
1) Upper incisors.
The pattern of abrasion is almost the same in the middle and the lateral incisors.
The only difference consists in that the middle incisor's abrasion starts earlier and proceeds more rapidly. B: Abrasion facets on the incisor edge and the mesial margi. nal ridge are fused ( , 24 years).
C and D: Abrasion has extended to the distal marginal ridge and the dentine is exposed more intensively (both 6 , 45 and 46 years). E: A typical abrasion occupying the whole lingual surface of the crown ( , 20 years). The psalidodontic occlusion i. e. the biting of the upper incisors in front of the lower ones is the essential factor for the conspicuou s pattern of abrasion in the front teeth.
The first abrasion facet appears on the lingual side of the incisal edge at the point corresponding to the most projected tubercle.
Since the incisal edge is not straight but supplied with tubercles, usually two or three facets are formed as the abrasion proceeds.
Then the facets gradually develop along the incisal edge finally flowing into a single horizontal, oblong band. Simultaneously or slightly lagging in time a similar facet is formed on the marginal ridge.
Usually this facet appears first on the mesial ridge and extends in vertical direction. In the later stage a confluence takes place between the facets on the incisal edge and the marginal ridge, so that _ now the abrasion surface forms a hooklike shape.
Soon afterwards a similar process starts on the distal marginal ridge and through its union with the main facet the whole abrasion surface then takes on . the shape of a vertically compressed figure "7 ".
Not infrequently the abrasion proceeds at the same pace on both sides of the lingual surface. In still rarer instances, the abrasion goes ahead on the distal side.
This kind of a pattern is due to rotation or other incorrect orientation of the tooth as well as an occasional unusual development of the distal ridge over the mesial one. As compared with the middle one, the lateral incisor is more inclined to abrasion which starts earlier on the mesial ridge than on the distal one.
It may be seen clearly in 2) Lower incisors.
Because of their occlusal relationship to the upper incisors, it is only in anomalous cases that the lower incisors have the abrasion on the lingual surface of the crown ; therefore, if a facet is found on the lingual side of a lower incisor, it can be concluded that the dentition to which the tooth belonged possessed a mandibular prognathism. In normal individuals the abrasion occurs on the cutting edge with a facet slightly sloping down towards the labial side.
The wear starts, if the tooth is provided with three incisal tubercles as it is usually the case, on the tip of these tubercles.
As in the middle incisor the tubercles are arranged practically in a line in which there are, as a rule, three facets nearly of the same size. In the lateral incisor, however, where the middle tubercle is more or less hi gher than the others, the first facet appears on the middle tubercle. At any rate, through abrasion the incisal tubercles become obtuse and are sooner or later completely worn away.
The individual facets grow and fuse together, so that a bandshaped surface is formed. Later this worn surface will become elongated and broadened to cover almost the entire cutting edge.
With age the abrasion surface which now takes a horizontal orientation becomes deeper and the yellowish brown dentinal core appears on the cutting surface.
Strictly speaking, the wear does not always proceed evenly. As demonstrated in table 2, the frequency of the middle incisor in which the abrasion was better developed on the mesial side of the cutting edge was approximately double to that of the reverse cases. On the other hand, in about 20% of the teeth there was no difference in the preponderance of abrasion as to the side of the tooth.
In the lower incisors, the wear proceeds in a relatively rapid pace, so that an intact crown with sharp incisal tubercles can only be seen for two to three years after the eruption, while the cutting edge of the upper incisors remains in its natural state for a considerably longer period.
Statistically speaking, in dentitions of 21-30 years more than 90% of the teeth examined possessed a worn surface, covering the entire cutting edge.
3) Upper canine.
The abrasion pattern of the canines is essentially different from that of the incisors. This is comprehensible if we keep in mind the position of t he canines in the dental arch and the peculiar shape of their crown.
In the upper canine the first abrasion facet appears on the lingual side of the crown.
With few exceptions it starts on the cuspidal extremity of the central ridge and extends gradually to the surrounding area. In other words the tip of the cusp is preserved intact for a rather long period. As in the beginning the abrasion spreads along the mesial and lateral incisal ridges as well as the central lingual ridge, the wear takes an approximately rhomboid shape. The pattern of progressed abrasion depends essentially upon the configuration of the lingual surface of the crown and the orientation of the tooth. In some cases the abrasion proceeds more rapidly to the mesial side, in other cases more rapidly to the opposite direction, and very rarely more or less symmetrically to both sides. Correspondingly, the augmented abrasion areole becomes irregular in shape.
My statistical survey revealed that on the right side of the jaw the tendency for a mesial expansion was stronger than for a distal one. On the left side the tendency for expansion was just the reverse. I think, however, there can be no other interpretation than to regard this difference as a more statistical incident. Table 5 . Difference in abrasion grade between mesial and distal sides of the canines (%).
4) Lower canine.
Covered by the upper canine and the lateral incisor from the f rontside, the lower canine is worn in a facet declining from the linguo-cuspidal to the labio-apical direction.
This condition is the same as we observed above in the lower incisors. In the mandibular prognathism or the reverse occlusion, however, the facet develops on the linguo-cuspidal side of the crown.
The initial facet is usually in a oval or a comma shape extending in the mesio-distal direction.
As the abrasion proceeds, the worn surface approaches the shape of an irregular triangle. The abrasion becomes triangular because in the lower canine the lingual central ridge is less developed than in the upper one.
From the statistical stand point, abrasion has a greater tendency to expand along the distal ridge. At any rate the wear proceeds more rapidly in the lower than in the upper canine.
5) Upper bicuspids.
An exact knowledge of the articulation in the bicuspids helps Buccal and lingual abrasion areoles are united and dentinal cores are exposed (both 3, 37 and 58 years). much to figure out the abrasion pattern of these teeth. The initial facet appears on the occlusal surface either on the buccal or the, lingual cusp or on both of them.
These three patterns in the teeth of 21-30 years in age have a distribution ratio of 56 : 3: 112 .
With few exceptions the wear appears sooner or later on both cusps.
The facets are of different shapes in accordance with the configuration and relief of the occlusal surface.
As they grow , they come closer to each other although still separated by the transverse fissure.
As self-evident from the articulation pattern, the facet of the buccal cusp is confined to the occlusal surface while that of the lingual cusp extends on to the lingual side. Later the confluence of the two facets takes place . Because the mesial marginal ridge is always higher than the distal one , the bridge between buccal and lingual facets runs as a rule along the mesial marginal ridge as well as the central bucco-lingual ridge . Only at a much later stage the distal ridge becomes worn , so that then the whole occlusal surface turns into an abrasion facet except for the deeper parts of the pits and fisssure .
The wear of the buccal and lingual cusps does not proceed at the same rate.
In the first upper bicuspid the facet of the buccal cusp usually , exceeds that of the lingual cusp . This may be interpreted 20 M. Hojo as being the result of a less developed lingual cusp in the lower first bicuspid. The relationship is just the reverse in the second premolar. In this tooth the initial facet appears in most cases on the lingual cusp and its progress is more rapid than in the buccal cusp. The reason for this peculiar condition may be sought in the higher lingual cusp of the second upper bicuspid and also in the well developed lingual cusp of its antagonist. Table 6 . Patterns and process of abrasion in the bicuspids (%).
In reference to the midline of the occlusal surface, the facet is located in some instances in the center, but more frequently it deviates either mesially or distally from the midline.
There is, however, no special statistical tendency to show this deviation pattern.
6) Lower bicuspids.
Because of its canine shape the first premolar undergoes the abrasion in a similar way as the lower canine.
The facet starts as a small rhomboid areoje always at the tip of the buccal cusp. It then spreads along either the mesial or the distal marginal ridge, and also along the central ridge of the masticatory surface with the tendency to spread to distal direction. Table 7 . Difference in abrasion grade between mesial and distal sides as well as buccal and lingual cusps of the bicuspids (%).
Also, in the second bicuspid the initial abrasion is found on the buccal cusp ; on the lingual cusp only 4 cases were found out of 151.
Usually the facet expands from the tip of the buccal cusp along the central ridge of the buccal and occlusal. surface of the cusp. Later the lingual cusp is affected in variable degree-mainly in accordance with its development in size. No special rule was found in regard to the mesial or distal devia-tion of the facet from the midline. 7) Upper molars. In these teeth the pattern of abrasion is complicated since when fully developed there are four cusps. There is no consistent order in which the abrasion affects the cusps. As shown in table 2 there are various combinations of the cusps affected with abrasion.
If enough younger teeth were available for this study there would have been more possibilities in patterns. The whole occlusal surface of the crown is affected ; notice the widely exposed dentine core. The relatively slight wear in the right, first molar is due to absence of the upper antagonists (3, 55 years).
Whatever pattern the initial wear may have, in later stages all the cusps become sooner or later to be worn and the facets enlarge in area and finally are fused through confluence.
As cusps become lower and obtuse, the dentine substance will be denudated in their center, and the masticatory surface becomes gradually flattened. Corresponding to irregular anatomical configuration of the cusps the worn surface shows beautiful geographical figures. Although the pattern of wear is complicated, there can be some points postulated which are common to every upper molar : Table 8 . Patterns and process of abrasion in the upper molars (%).
1. In more than half of the teeth under 20 years of age all four cusps were more or less affected. This means that there is very little difference in the abrasion of the cusps.
M. Hojo I Table 9 . Difference in abrasion grade between mesial and distal as well as buccal and lingual portions of the upper molars (%).
2. Careful examination reveals, that the abrasion in the lingual cusps proceeds a little before the buccal ones. Initial facet appears as a rule on the lingual cusps.
3. Between mesial and distal cusps a similar slight difference is found in favor of the mesial.
4. The wear is confined to the occlusal surface. The buccal side of buccal cusp and the lingual side of the lingual cusp is saved in its normal condition.
All which were stated above holds true with the second and third molar. The abrasion is, however, lagging in these teeth because they come into function much later.
In the degenerated form, especially in those of the wisdom tooth, fi gure of abrasion is difficult to be related with the cusps. Even here the difference of abrasion between the buccal and lingual half of the crown is still obvious.
8) Lower molars.
In these teeth the first facet appears always on the buccal cusps. Table 10 . Patterns and process of abrasion in the lower molars (%).
Here also, the wear progresses more slowly in the lingual half of the crown than in the buccal half.
Another characteristic feature of the lower molars consists in that in the buccal cusps entire surface , i. e. not only the occlusal but also the buccal side, becomes worn. The above mentioned two points can be easily understood when the articulation relationship of the lower with the upper molars ( fig.  9 B) is taken into consideration.
The fifth or accessory tubercle which is located in the buccodistal corner of the crown, if present, comes to be involved in the wear almost simultaneously with other buccal cusps. Table 11 . Difference in abrasion grade between mesial and distal as well as buccal and lingual portions of the lower molars (%).
The anatomical change of the occlusal surface in the later stage of abrasion is similar to what was stated in the description of the upper molars.
As to the comparison between the mesial and distal half of the crown, no distinct difference could be postulated. However, I got the impression that in more than the half of the instances the mesial part of the crown was worn slightly more than the distal one.
IV. Observation of dentition as a whole.
In the foregoing the feature of abrasion was separately described in the individual teeth.
Observations of dentitions as a whole will give us more instructions and explanations of characteristic patterns of wear in tooth groups.
1) Between upper and lower dentition, as already stated in the above descriptions, there is a consistent difference in the patterns of abrasion.
The wear in the upper teeth is restricted to the lingual side of the incisal edge or the cusp while in the lower teeth it extends upon the buccal side of the crown, because in occlusion and articulation the upper teeth partially overlap the lower ones from above and outside.
In incisors and canine of the lower jaw the abrasion plane is therefore directed oblique from the upper lingual to the lower labial ( fig. 9 A) . This fact should be helpful in determining sorts of teeth. Sometimes such specimens are encountered among lateral incisors in 2) Theoretically speaking, there should be no difference in the amount of the abrasion between the upper and lower teeth. The action and reaction must be the same. But, at least in appearance, especially in front teeth, the abrasion facet is usually more prominent in the lower teeth than in the upper antagonists.
3) The abrasion does not always take place in the molar teeth in the same proportion as in the front teeth. The ratio in most cases is almost the same over the entire dentition (harmonious type). In few cases the front teeth are more worn than the molar region (front teeth type) or the reverse (molar type). This difference probably is caused by a difference in mastication by various persons. In fig. 10 some examples of these types are illustrated. 4) Between the two sides of the jaw there is practically no difference noticeable in the abrasion process.
Through careful observation, however, sometimes there will be instances in which a little difference between the teeth of the right and leftside exists ( fig. 10 E) . Such asymmetry in wear might be due to whether the person has a preference to chew on the right or on the left side. This problem needs to be studied in more detail. 5) No difference in sex was present in pattern and grade of the abrasion.
V. Summary.
The statistical survey on the development and pattern of abrasion in the crown, was done by using a number of skulls and sets of extracted teeth.
Besides the detailed description of the abrasion phenomena, the characteristic of abrasion to each kind of the teeth, to upper and lower jaw, to dentitions of malocclusion and so forth were emphasized.
The exact knowledge about abrasion will help a great deal in dental morphology, anthropology, orthodontics, etc. However, to obtain this exact knowledge, further studies are needed on the relationships between age and wear, abrasion pattern in pathological dentitions, and comparison in various races. 
